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The Impact of Scientific Management Principles on Food Hub
Abstract
Food hubs have seen substantial growth in the past few decades but the overall operational efficiency and
effectiveness is a concern for the managers of these facilities. The experiment designed consisted of 60
participants divided into four treatment groups that simulated tasks completed at food hubs. The experiment
designed was a 2x2 factorial design and each treatment group had five teams with three members. The
treatment groups had all combinations of the two independent variables ‘training’ and ‘process improvement’
and the impact these factors made on time to pack (TP), time to stack (TS), number of errors while stacking
(ES), and number of errors while packing (EP) were investigated. The results show that for TS, TP, and ES,
both training and process improvement significantly increased the food hub’s efficiency. For EP, process
improvement significantly reduced errors while training had less impact.
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Food hubs have seen substantial growth in the past few decades but the overall operational efficiency and 
effectiveness is a concern for the managers of these facilities. The experiment designed consisted of 60 
participants divided into four treatment groups that simulated tasks completed at food hubs. The experi-
ment designed was a 2x2 factorial design and each treatment group had five teams with three members. 
The treatment groups had all combinations of the two independent variables ‘training’ and ‘process im-
provement’ and the impact these factors made on time to pack (TP), time to stack (TS), number of errors 
while stacking (ES), and number of errors while packing (EP) were investigated. The results show that 
for TS, TP, and ES, both training and process improvement significantly increased the food hub’s effi-
ciency. For EP, process improvement significantly reduced errors while training had less impact. 
INTRODUCTION 
Across the United States, agriculture has evolved into 
two relatively different markets. There are the large, corporately 
coordinated, agriculture commodity production units and the 
smaller scale, dispersed, farms that rely on local markets to sell 
their goods (Lyson, et al., 2008). These smaller scale farms have 
seen an increase in market over the last decade because of the 
consumers want for locally produced goods. Initially, organic 
products were the main reason for the increase of the market for 
smaller farms, but over time, trends have progressed to include 
products that are local and not necessarily certified as organic 
(Fischer, et al). For these products to be considered local, they 
must be within 400 miles of the location where the goods were 
produced (Food, Conservation, and Energy Act of 2008). Be-
cause of the increase in demand for regionally produced prod-
ucts, the demand for more regional food hubs or expansions to 
the current ones are increasing.  
According to the USDA, food hubs are facilities that 
work with the local producers and community to create a diverse 
collection of local food (Barham, et al., 2012). The food hubs 
our research focuses on are regional food hubs that have a farm 
to consumer model. According to the Regional Food Resource 
Guide, farm to consumer modeled food hubs must market, ag-
gregate, package, and distribute products directly to the consum-
ers. In essence, food hubs act as distribution centers. They 
receive goods from producers, process them, and place them into 
respective inventory locations. Then when customers order, the 
food hub workers must package containers according to the 
items ordered. Food hubs are different from conventional stores 
because the conventional stores mainly work for their own mon-
etary gains (Krejci, et al., 2016). Whereas food hubs focus on 
the well-being of the producers and the customers who want 
these locally produced products (Barham, et al., 2012). Food 
hubs are associated with sustainability agriculture, whereas most 
conventional stores rely on industrial agriculture (Foundation, 
2001).  The constraint of 400 miles, coupled with the demand 
increase for local goods has caused regional food hubs to in-
crease by 288% since 2006-2007 (Low, et al., 2015). This rapid 
increase of facilities has given food hubs challenges that our re-
search is looking to assist with. According to the 2013 National 
Food Hub Survey, the largest problems food hubs have are bal-
ancing supply and demand, managing growth, access to capital, 
poor organization, and lack of ownership infrastructure. Studies 
in the past have focused a lot on inventory management of food 
hubs and how to balance the supply and demand (Purcell, 2014, 
Woods, et al., 2013). However, managers of food hubs are con-
cerned about the operational efficiency of their facilities, yet 
there is not a lot of research regarding the operation efficiency 
and how it can be improved, which is what our research will fo-
cus on. The problems our research is looking to improve are the 
poor organization and managing growth. According to some lit-
erature, utilizing scientific management principles can often help 
improve efficiency of the workforce (Uddin, 2015). The scien-
tific management principles that we focused on were process im-
provement and training. We analyzed the current food hub 
workflow methods and procedures and made process changes 
we thought would most benefit the food hubs. One area we saw 
means for a large improvement was the set-up time. One of these 
processes was how the aisle numbers were set up. Since there is 
not a lot of research on the set-up side, we spent time analyzing 
order picking and facility layouts and how they can positively 
affect operational efficiency. Many times, changes to operating 
procedures can be made without large capital investments (Dek-
ker, et al., 2004), yet the changes can provide a substantial im-
pact to the system. According to Mohsen M.D. Hassan, 
warehouse layout is most effective when it has modularity, 
adaptability, compactness, accessibility, and flexibility. We 
changed how the aisles of the food hubs were set up so they 
could have both adaptability and flexibility. We felt this would 
decrease the setup time, and in turn make the process go more 
efficiently.Also, training is a major way to improve operator ef-
ficiency. Currently in food hubs, most of the employees are vol-
unteers. There is no guarantee on who may come to work on a 
given day. This means the training could be daily and must be 
quick and easy to understand. When it comes to training the most 
important aspects are the forms in which the training is given 
and how the training is designed (Khan, 2011). In food hubs, the 
only training that occurs is orally through the manager of the fa-
cility. Often times the volunteers become frustrated and make 
errors because they do not understand the instructions. Research 
has shown that people receive information in three different 
ways, visual, auditory, and kinesthetic and ignore or miss infor-
mation presented in either of the other forms (Felder, 2002 ). The 
kinesthetic learner is someone who learns through doing so we 
didn’t have to create or change anything to best research this type 
of learner. We appealed to the visual and auditory learning styles 
by creating visual procedures and giving oral instructions as we 
thought this would have the greatest impact for our volunteers.   
 
METHOD 
Participants:60 subjects, aged 18-28 were recruited. 
All subjects were students at Iowa State University who had 
no previous experience in working in a food hub since we 
needed to validate the effect of first time volunteers. The par-
ticipants were recruited using two methods including flyers 
and in class announcements. Each group in the study is com-
posed of three participants performing interdependent tasks.  
Materials: All items needed to replicate a small-
scale food hub operation: A table for the producer check in, 3 
metal open shelves for the dry goods, 3 closed shelves, acting 
as refrigerators and freezers, for refrigerated and frozen 
goods, fake food items (65 refrigerated goods, 104 dry goods 
and 29 frozen goods), 24 containers, customer list copy, pro-
ducer list copy, paper tags for producer names, frozen goods 
location tags, magnetic tags for each customer, and refriger-
ated goods packing list. 
Task: The basic task remains the same for all 
groups. One participant checks in each producer based on the 
Producer Invoice List they are provided, two participants 
stack the items in their respective locations (separate loca-
tions for dry, refrigerated and frozen goods), and all partici-
pants pack the items into containers based on delivery 
location.  
Experimental Design: The experimental design is 
a full factorial based design with 2 levels of training and pro-
cess improvement (With or without). Thus, the independent 
variables in the study is Training and Process Improvement. 
The dependent variables, which are the main KPI’s that are 
used to access the operational efficiency of a food hub, are 
time taken to stack (TS), time taken to pack (TP), number of 
errors during stacking (ES), and number of errors during 
packing (TP). Thus, based on the full factorial design, 4 treat-
ment groups are tested in this study. For each treatment 
group there were five teams of three members. The treatment 
groups being; 
Treatment Group 1 (T1): Participants did exactly what 
is currently done at the food hub. Performed the tasks without 
process improvements or training. Control/Baseline group. 
Treatment Group 2 (T2): Participants performed the 
task with an improved process and underwent training. 
Treatment Group 3 (T3): Participants performed the 
task with an improved process but without any training.  
Treatment Group 4 (T4): Participants performed the 
task without process improvement but underwent training.  
Procedure: All participants were asked to sign an in-
formed consent form, fill out a discomfort survey, give partici-
pants an overall idea of food hubs and how they work, and 
informed of the motivation behind the research. Verbal instruc-
tions about the operation were given to participants in all 
groups since that is the way food hubs currently operate. Par-
ticipants were asked to let the PI know in case they had any 
questions regarding the process. Participants in T2 and T4 
were then given standard work procedures which laid out what 
each participant had to do.  
The number of producers to be used in the study (8) 
number of goods per producer (20-30), and the amount of time 
between producers entering the system (5 minutes) were based 
on the observational data collected prior to the study.  
The general process followed in the study as per what 
happens in a food hub was; one participant checked the produc-
ers in, making sure all the items were there. Simultaneously, the 
second participant set up the shelves for the dry goods and the 
third participant set up the refrigerators/freezers for the respective 
goods. Once the setup was complete, the second and third partic-
ipant began stacking goods. The time taken to stack the dry/re-
frigerated/frozen goods by producer was noted for each 
participant. In cases the participants finished the stacking before 
the pre-determined 5 minutes, the participants were asked to 
double check the location of each product. Once the goods for 
all eight producers were stacked, the number of errors that each 
participant made during stacking of the goods was noted. The 
next process was the packing process for which verbal instruc-
tions were given to all groups and standard work procedures 
demonstrating how to pack goods was given to T2 and T4.  
The items were supposed to be packed into containers 
with respect to the delivery location for the dry/refrigerated/fro-
zen. Once the items were completely packed, the participants had 
to, for each container, specify for each customer the number of 
dry and frozen goods. The refrigerated goods container just 
needed to be labeled with the respective delivery location name. 
Once the goods were all packed, the containers were checked for 
accuracy and the total number of errors per place was noted down 
and the study concluded with a questionnaire. 
RESULTS AND DISCUSSION 
We have a full factorial 2*2 model, and since the data 
set was less than 30 a Box Cox test for normality was done for 
all dependent variables and the results were determined to be 
normal. This allowed for a 2-way ANOVA at 95% confidence 
interval to be performed to see if changes in training, process 
improvement, or both had a significant impact on food hub per-
formance. 
Time taken to stack (TS): The time to stack was found 
by calculating the total time taken to stack all the different type 
of goods (dry, refrigerated and frozen) per producer. The indi-
vidual times were added up and a total time was calculated per 
group. 
Figure 1 shows that T2 and T3 are less than T1 and T4 and it 
was also noted that the initial dry goods set up time taken for 
the improved processes (T2 and T3) was 10% lesser than the 
old process (T1 and T4). This is a significant improvement 
since this is process a significant amount of time at food hubs. 
 
Figure 1: Average time taken to stack per treatment group 
 The 2-way ANOVA results, as shown in Figure 2, 
show a p value less than 0.0001 for the model as a whole, p value 
of 0.0001 for the improved process, a p value of 0.0007 for train-
ing, and a p value of 0.0439 for both together. This shows there 
is an interaction between the two variables. Any p value <0.05 is 
deemed significant, allowing us to deem that the interaction of 
the independent variables is significant. 
 
Figure 2: ANOVA results for the independent variables and TS 
Figure 3 shows that the both the improved process 
and training factors negatively affect the number of errors dur-
ing stacking. From the slope of the two plots, one can see that 
the improved process and training play a large role without 
each other so it can be concluded that ‘with process improve-
ment’ and ‘with training’ will have the lowest ES. 
 
Figure 3: Interaction plot of training and process improvement TS 
Time taken to pack (TP): The time to pack was cal-
culated by taking the total time to pack all the goods (dry, re-
frigerated and frozen) per location into the containers. The 
individual times/location were added up and a total time was 
calculated per treatment group. Figure 4 shows the average 
time taken to pack per treatment group and clearly the groups 
with training (T2 and T4) have the lower average time when 
compared to those without (T1 and T3).  
 
Figure 4: Average time taken to pack per treatment group 
The 2-way ANOVA results, as shown in Figure 5, 
show a p value less than 0.0001 for the model as a whole, the 
training itself, and the improved process itself. Also, a p value 
less than 0.0001 for both training and process improvement to-
gether shows there is an interaction between the two variables 
and this interaction can be deemed significant. 
 
Figure 5: ANOVA results for the independent variables and TP 
Figure 6 shows that the both the improved process 
and training factors negatively affect the number of errors dur-
ing stacking. From the slope of the two plots, one can see that 
the training plays a much larger role than process improve-
ment but it can be concluded that ‘with process improvement’ 
and ‘with training’ will have the lowest ES. 
 
Figure 6: Interaction plot of training and process improvement TP 
Number of errors while stacking (ES): The number 
of errors while stacking was found by calculating the number 
of errors per location per type of goods. Total number of errors 
was found by adding up the individual number of errors. Fig-
ure 7 shows the average number of errors per treatment group 
and clearly the groups with process improvement (T2 and T3) 
have the lower average number of errors as compared to those 
without (T1 and T4). Another factor that was seen from the 
study was that the around 90% of the errors in stacking came 
due to misplaced dry goods and the additional checks the im-
proved process implemented was a key reason.  
 
Figure 7: Average # of errors during stacking per treatment group 
The 2-way ANOVA results, as shown in Figure 8, show 
a p value of 0.0029 for the model as a whole, .0378 for the train-
ing itself, and .0015 for the improved process itself. The p value 
for interaction is 0.2030, showing that the main effects are sig-
nificant but the interaction itself is not significant. 
 
Figure 8: ANOVA results for the independent variables and ES 
Figure 9 shows that the both the improved process and 
training factors negatively affect the number of errors during 
stacking. From the slope of the two plots, one can see that the 
improved process and training play a large role without each 
other so it can be concluded that ‘with process improvement’ 
and ‘with training’ will have the lowest ES. 
 
Figure 9: Interaction plot of training and process improvement ES 
Number of errors while packing (EP): The number of 
errors while packing was found by calculating the number of er-
rors per location/type of goods and the total number of errors was 
found by adding up individual numbers. Figure 13 shows the 
average number of errors per treatment groups and clearly the 
groups with process improvement (T2 and T3) have the lower 
average number of errors as to those without (T1 & T4). 
 
Figure 10: Average # of errors during packing per treatment group 
The 2-way ANOVA results, as shown in Figure 11, show 
a p value of 0.015 for the model as a whole, .01176 for the train-
ing itself, and .005 for the improved process itself. The p value 
for interaction is 0.2183 showing that the process improvement 
is the only one that has a significant impact on the numbers of 
errors due to packing and not training.  
 
Figure 11: ANOVA results for the independent variables and EP 
Figure 12 shows that the both the improved process and 
training factors negatively affect the number of errors while 
packing. From the slope of the two plots, it can also be seen that 
process improvement plays a larger role in the ‘without train-
ing’ condition as compared to the ‘with training’ condition for 
the number of errors while packing. Whereas, moving from 
without training to with training has less impact. 
 
Figure 12: Interaction plot of training and process improvement EP 
GENERAL DISCUSSION 
From the experiment results, the effectiveness of 
the introducing Scientific management principles in food 
hub to improve the operational efficiency was checked us-
ing various parameters like time to stack, time to pack, 
number of errors while stacking, and number of errors while 
packing. Overall, there is a clear improvement in the overall 
performance because of scientific management principles.  
From the results, three out of four hypotheses are 
proved correct with time to stack, pack, and number of er-
rors while stacking all having significant improvements 
whereas, number of errors while packing do not show a sig-
nificant improvement. In the questionnaire that was an-
swered by the participants, an overwhelming 100% of 
participants in T1 felt that standard work and training at the 
beginning of the study would help improve the overall effi-
ciency. 92% of the participants for T1 felt that the stacking 
process was confusing but after improvements only 3% of 
participants were confused. 
For the effectiveness of scientific management, 
there are a lot of studies corroborating the fact that imple-
menting these attributes have a positive effect on efficiency 
and this study also proves that scientific management princi-
ple can have a positive impact in the food hub industry. The 
fact that food-hubs are volunteer based organizations make 
the implementation of these changes even more important. 
Volunteer motivation is largely dependent on meaningful-
ness of work, knowledge of work and responsibility for the 
work done (Millette, et al., 2008). Training is a big part of 
making sure you know the work you are doing and it directly 
translates to high morale and motivation among workers 
(Mayende, 2013).  Training and standard work procedure 
makes sure that the volunteers are aware of the work they are 
supposed to do thus increasing volunteer efficiency and low-
ering attrition rates.  
Food hubs are a key player when it comes to bridg-
ing the gap between sustainability and social economy. In 
short, food hubs are creating a symbiotic culture between so-
cial and environmental objective in the way food is pro-
duced, accessed, and consumed (Connelly, et al., 2011). For 
the food hubs to be grow, the operational efficiency and vol-
unteer participation has to increase with a decrease in volun-
teer attrition (Krejci et al., 2015). The impact that 
introduction of scientific management principles will have 
on food hubs could be a key to help the, thrive. 
In summary, scientific management principles have 
a positive impact on the operational efficiency of food hubs. 
Even though not all factors considered in the study seem to 
have a significant enough improvement, factors like TS, TP, 
and ES had significant differences. As a result, one can see 
that aspects of scientific management, like training and pro-
cess improvement, should be introduced in food hubs. 
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